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As part of the "Ultrasonics as an Alternative to Radiography for Weld 
Inspection (UT/RT) Program", an evaluation of computer-assisted 
ultrasonics was performed. Briefly, this evaluation consisted of 
inspecting 33 UT/RT test plates, 650 feet of welds being fabricated in 
new construction, and 542 inches of welds in overhaul. Eight Navy UT 
inspectors and one "experienced" operator of the computer-assisted 
ultrasonic system inspected the test plates using the P-scan system with 
a manual weld scanner. Additionally, the test plates were inspected by 
manual ultrasonics and radiography (using an Iridium source with Kodak 
type AA film). Reference 1 summarizes the procedures that were used for 
this work and reports on the detection and disposition reliability for 
these inspection techniques. The UT/RT Program indicated that the use of 
computer-assisted ultrasonics would offer several qualitative benefits 
over conventional ultrasonics, including: a more repeatable and 
reproducible inspection, less operator dependency, better evidence of 
weld coverage, the potential for improved consistency of length 
measurement, and an automatic, hard-copy record of the inspection. 
Furthermore, it was suggested that the use of computer-assisted 
ultrasonics performed with an automated scanner would offer potential 
gains in terms of reproducibility, economics and operator independency. 
Since only a manual weld scanner was evaluated for the UT/RT Program, it 
was necessary to evaluate the capabilities of an automated scanner. 
Therefore, the work reported herein was performed to determine the 
ability of an automated ultrasonic scanner to: (1) operate in a shipyard 
environment and (2) repeatably detect weld discontinuities. 
APPROACH 
The evaluation of the automated scanner consisted of essentially 
three experiments. They were: (1) the inspection of 21 feet of a weld in 
a drydock to determine ease of operation, ability to maintain contact 
with the area of inspection, speed of operation for a set length of weld, 
ruggedness, and acceptance by ultrasonic testing (UT) personnel; (2) the 
inspection of 25 test plates from the UT/RT Program to evaluate detection 
capability, locating and positioning capabilities, and repeatability of 
inspection; and (3) repeated scanning of a test plate at various scanner 
steps to determine the optimal scan rate. 
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Fig. 1. Photo of the P-scan processor and the weld scanner controller in 
the drydock. 
EQUIPMENT 
The P-scan ultrasonic inspection system used for this study included 
a P-scan processor (Model PSP-3), an automated weld scanner (Model AWS-
5S) with an automatic couplant feed system, a weld scanner controller 
(Model WSC-2S) with a remote control unit (Model RCU-l), and an IBM-PC 
computer for off-line data processing. This system, developed by the 
Danish Welding Institute, is portable, compact, and capable of operating 
in two fully independent software modes for weld inspection and 
corrosion/thickness mapping. Figure 1 shows the P-scan processor and 
the weld scanner controller as they were set up in the drydock. Figure 2 
shows the automated weld scanner attached to the weld in the drydock. 
Fig. 2. Photo of the automated weld scanner attached to the weld in the 
drydock. 
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PROCEDURE 
The procedure for the computer-assisted ultrasonic testing was 
developed for the "UT/RT" Program and based on NAVSEA 0900-LP-006-30l0, 
"Ultrasonic Inspection Procedure & Acceptance Standards for Production & 
Repair Welds."[2) The inspection was performed using two Krautkramer 
Branson angle beam, direct contact probes (Model WK-60). These probes 
have a crystal size of 20 x 22 mm, frequency of 2 MHz, and sound beam 
angle of approximately 60 degrees in steel. A calibration block designed 
for the "UT/RT" Program was used for calibrating the P-scan for: the beam 
index point; beam angle; index delay; distance amplitude correction; and 
test sensitivity. The test sensitivity was set on the basis of the 
response of the system to a 3/64-in. diameter side drilled hole. Water 
was used as the couplant and was supplied to the transducers via the 
automatic feed system. 
Once the P-scan was calibrated, the system was taken to the scanning 
location, and all the components were connected. A magnetic rubber strip 
was placed along the length of the center of the weld crown since 
scanning is accomplished through automatic guidance based on sensors 
tracking along the magnetic strip. The scanner was positioned on the 
inspection site with the transducers straddling the weld. This allowed 
the simultaneous inspection of both the near and far sides of the weld. 
The step length for the X-direction and the stroke and speed for the Y-
direction were set on the WSC-2 weld scanner controller. A step mode 
scan pattern was used so that the scanner moved one step forward after 
each probe stroke. Figure 3 shows a sketch of the scanner configuration 
and motion with respect to the weld. 
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Fig. 3. Sketch of the scanner configuration and motion. 
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For the first experiment, a 21 foot length of a butt weld was 
scanned twice using a step of 0.090-in. Images were recorded for each 12 
inches of weld scanned. For the second experiment, 25 UT/RT test plates 
were scanned using a data set (the data set is all the menu parameters 
used for a particular scan and stored with the UT data from that scan) 
that was essentially identical to that used for the UT/RT inspections 
with the manual weld scanner. Images were recorded for weld stations of 
5.5 and 6.0 inches (according to the station length defined by the UT/RT 
Program). Six of the 25 plates were then scanned a second time. For the 
third experiment, one weld station was repeatedly scanned at the 
following eight scanner step increments (in percent of transducer width 
of 20 mm): 5, 10, 15, 20, 25, 30, 40, and 50. 
The images obtained in the second experiment were analyzed by 
evaluating echoes which exceeded -18dB (18dB below the reference level of 
OdB). For each echo that was considered relevant (a discontinuity), the 
following information was recorded: distance from the station edge, the 
discontinuity length, the distance from the reference line (in this case, 
the weld centerline), the discontinuity depth, the peak signal amplitude, 
and the beam direction (indicating whether the discontinuity was detected 
from the near and/or far side of the weld). This data was compared to 
the UT/RT test data to identify which of the 140 well-characterized 
discontinuities known to be in the 25 plates were detected using the 
automated scanner. 
RESULTS AND DISCUSSION 
The first experiment was performed to determine ease of operation, 
ability to maintain contact with the area of inspection, speed of 
operation for a set length of weld, ruggedness, and acceptance by 
ultrasonic testing personnel. The results are as follows: 
(1) The operation of the automated weld scanner would require only a 
brief orientation and a few days of on-the-job training for the UT 
inspector to perform automated scanning of welds. As with any mechanical 
device, the operator's ability to troubleshoot problems with the scanner 
will be a matter of experience with the scanner and may take a number of 
months before the operator feels comfortable troubleshooting the device. 
(2) The scanner attaches to the weld and travels over the weld via 
magnetic wheels. Although there was approximately 20 mils of paint 
present on the area around the inspection surface, the magnetic 
attraction was sufficient to maintain contact. (Occasionally, the 
guidance of the scanner was slightly impeded by the reduced attractive 
force resulting from the thick coating; for actual scanning, it is 
believed that the paint will be removed for the inspection so this should 
not be a problem.) (3) Setup of the system (including P-scan and 
scanner) took approximately one hour. Scanning time was 2 hours for the 
first scan and 2 hours, 35 minutes for the second scan. The additional 
time for the second scan was due to a short period of "downtime" related 
to inconsistent guidance control. (4) In terms of ruggedness, the 
scanner itself was quite rugged with the exception of the microswitches. 
The scanner had been partially disassembled during a demonstration of its 
configuration capabilities. Upon reassembly of the scanner, the 
microswitches required some adjustments before they were able to operate 
correctly. (5) The ultrasonic personnel who used the scanner liked it 
very much, but agreed that the scanner is more appropriate for use in a 
construction environment rather than in a maintenance environment. 
(6) Advantages: (a) scan rates are faster since both sides of the weld 
are scanned simultaneously, (b) images are automatically recorded and 
indexed, (c) the scanner can be operated from a remote location, thus 
eliminating some of the scaffolding requirements, (d) the scanner can be 
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configured such that only the paint covering the inspection zone must be 
removed, and (e) water is used as couplant. (7) Disadvantages: (a) more 
equipment must be taken to the drydock, and (b) sometimes the automated 
scanner is too large or cumbersome to access confined areas. 
In summary, the results of the first experiment indicate that the AWS-5S 
and the WSC-2S automated ultrasonic weld scanner and controller are 
appropriately built and rugged enough to be easily used in a shipyard 
environment. 
The second experiment of the automated scanners program was 
performed to evaluate detection capability, locating and positioning 
capabilities, and repeatability of the inspection. The location, size, 
and classification (i.e., crack, lack-of-fusion, slag, or porosity) of 
the 140 well-characterized discontinuities found in the 25 test plates 
had been documented for the UT/RT Program and were used for this data 
evaluation. Figure 4 summarizes the data obtained in the second 
experiment by comparing the percent of the well-characterized 
discontinuities detected by the following inspection techniques: (a) MUT 
- manual ultrasonics, (b) CAUT - computer assisted ultrasonics performed 
by mUltiple shipyard operators using the manual weld scanner (MWS-l), (c) 
CAUT* -computer assisted ultrasonics performed by an experienced operator 
using the MWS-l, (d) CAUT** - computer assisted ultrasonics performed by 
an experienced operator using the automated weld scanner (AWS-5), and (e) 
Ir/AA - standard shipyard practice radiography using an iridium source 
and type AA film. This figure presents three categories of data: (aa) 
all - no discrimination by discontinuity classification; (bb) planar 
discontinuities (crack and lack-of-fusion) only; (cc) volumetric 
discontinuities (slag and porosity) only. The data in Figure 4 shows 
that computer assisted ultrasonics performed by an experienced operator 
with either a manual or an automated weld scanner detects over twice as 
many discontinuities as Ir/AA radiography. In particular, the CAUT* and 
CAUT** inspections detect approximately four times as many planar 
discontinuities (considered to be more detrimental than volumetric 
discontinuities[l]), and approximately 1.5 times as many volumetric 
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Fig. 4. Comparison of the percent of discontinuities detected by the 
five inspection methods. 
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discontinuities as Ir/AA. Additionally, Figure 4 shows that CAUT* and 
CAUT** detect approximately the same number of planar discontinuities and 
up to 1.75 times as many volumetric discontinuities as manual 
ultrasonics. Overall, CAUT* and CAUT** detect 10% - 20% more 
discontinuities than MUT. Lastly, Figure 4 shows that computer assisted 
ultrasonics performed by an experienced operator detects approximately 
twice as many discontinuities as the inspections performed by inspectors 
who had only 40 hours of training on the system. This brings up two 
important points: (a) Even with very limited training on the system, the 
CAUT inspectors detected more discontinuities than Ir/AA radiography, and 
(b) The CAUT detection rate indicates that the inspectors understood the 
workings of the system, but were not proficient in its use. Therefore, 
when an automated scanner is used, the detection rate for CAUT will 
increase more rapidly to the level of CAUT** than it would to the CAUT* 
level. (Note that the detection rate for the automated scanner is 
slightly lower than that for the manual scanner for all types of 
discontinuities. This slightly lower detection rate may be attributed to 
the fact that the automated scanner does not skew the transducer and, 
therefore, may not detect discontinuities that are angled with respect to 
the beam direction.) In summary, Figure 4 shows that computer assisted 
ultrasonic inspection with an automated scanner has an excellent 
detection rate when compared to the other inspection methods. 
There were 44 rejectable discontinuities found in the 25 test 
plates. A rejectable discontinuity is defined in Reference 1 as a 
discontinuity that was detected and rejected by consensus using manual 
ultrasonics or anyone of the six radiographic inspection techniques that 
were used in the UT/RT Program. Figure 5 compares the percent of 
rejectable discontinuities detected by each of the inspection techniques. 
The computer-assisted ultrasonic inspection using the automated scanner 
(without skew) detected the highest percentage of rejectable 
discontinuities, even surpassing the manual ultrasonic inspection. 
Furthermore, the computer-assisted ultrasonic inspections performed by 
the experienced operator using both the manual and automated scanners 
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Fig. 5. Comparison of the percent of rejectable discontinuities detected 
by the five inspection methods. 
2050 
detected over 30% more rejectable discontinuities than did Ir/AA. In 
summary, Figure 5 shows that computer-assisted ultrasonics performed by 
an experienced operator will detect more rejectectable discontinuities 
than the other standard practice inspection techniques evaluated for this 
study. 
In terms of locating and positioning capability, the automated 
scanner inspection data were compared to the UT/RT inspection data. Since 
it was "easy" to identify the discontinuities detected by the automated 
scanner as the well-characterized discontinuities reported by UT/RT, it 
may be inferred that the location and positioning capability of the 
automated scanner is quite good. 
To evaluate the automated scanner in terms of repeatability of 
inspections, six of the 25 test plates were inspected a second time by a 
"less-experienced" scanner operator. The data from these two inspections 
were nearly identical and therefore and indication that inspections 
performed by the automated scanner will have a high degree of 
repeatability. 
The third experiment of the Automated Scanners Program was performed 
to establish an optimum scan rate without sacrificing image resolution. 
One weld station was repeatedly scanned at eight scanner step increments 
of 5, 10, 15, 20, 25, 30, 40, and 50 percent of the transducer width. 
Figures 6a and 6b show the images produced for steps of 10 and 15 percent 
of transducer width, respectively. These images show that when the scan 
step is increased from 10% to 15% of transducer width, the ability to 
discern the extent of each of the discontinuities begins to be 
compromised (i.e., a single flaw begins to appear to be multiple flaws). 
Therefore, these images indicate that steps of approximately 10 percent 
of transducer width are the largest steps that should be taken to ensure 
good image resolution. (Note that NAVSEA 0900-LP-006-30l0[2j allows scan 
steps of up to 75% of the transducer active width when the transducer is 
being skewed and an operator is interpreting the signals.) 
Fig. 6a. Image produced for a scanner step of 10% of transducer width. 
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Fig. 6b. Image produced for a scanner step of 15% of transducer width. 
SUMMARY 
The results of the drydock experiment indicate that the AWS-5S 
automated ultrasonic scanner and the WSC-2S weld scanner controller are 
appropriately built and can be easily used in a shipyard environment, 
though they would be more appropriate for use in new construction rather 
than for maintenance. The key results from the test plate inspections 
are: (1) The computer-assisted ultrasonic inspection using an automated 
scanner detected over twice as many discontinuities as standard shipyard 
practice Ir/AA radiography and 10% more discontinuities than manual 
ultrasonics. (2) The detection rate for planar discontinuities was 
approximately the same for manual ultrasonics and computer-assisted 
ultrasonic inspections performed by an experienced operator using either 
the automated scanner or the manual scanner. (3) The computer-assisted 
ultrasonic inspection using the automated scanner detected the highest 
percentage of the rejectable discontinuities in the test plates. (4) 
Computer-assisted ultrasonic inspection performed with an automated 
scanner results in an inspection with a high degree of repeatability. 
(5) Scanner steps of approximately 10 percent of transducer width are the 
largest steps that should be taken to ensure good image quality. 
CONCLUSION 
The results of this evaluation indicate that an automated ultrasonic 
scanner is capable of operating in a shipyard environment. Furthermore, 
the use of an automated ultrasonic scanner resulted in an inspection with 
a high detection rate (especially for discontinuities considered to be 
rejectable) with good repeatability. 
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